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D scription 

The present invention r lat s t an organic electroluminescence device, and more particularly, to an or- 
ganic electroluminescence device which can be asily fabricated and used as a light emitting d vie for various 
5 displays. 

Although many trials for fabricating organic electroluminescence devices (hereinafter, referred to as EL 
devices) have been reported from a viewpoint of the elucidation of the state of electrons in the material thereof, 
these device have low luminance because it is difficult to inject a carrier into a light emitting layer composed 
of an organic substance (hereinafter referred to as a light emitting layer) from an electrode. To solve this prob- 

10 lem, Tang et al. made a two layer structure composed of a hole transport layer of an organic substance lam- 
inated on an organic emitting layer to realize an EL device with high efficiency and high luminance (United 
States Patent No. 4,539,507). Thereafter, there were made a device comprising a three layer structure having 
a light emitting layer disposed between an organic electron transport layer and a hole transport layer of an 
organic substance (hereinafter, these are collectively referred to as charge transport layers) [Japanese Journal 

15 of Applied Physics, 27, page 269 (1 988)] and EL devices having light emitting layers which are doped with va- 
rious dyes to give various colors [Journal of Applied Physics, vol. 65, page 3610 (1989)]. 

For these organic EL devices reported up to now, the light emitting layer and the charge transport layers 
were made by vapor depositing an organic substance in vacuum. A vapor deposition method, however, is not 
suitable for mass-production and has a limit in the production of a device having a large area. Furthermore, 

20 when the EL device is used as a back light for illuminating a non-light emitting display such as an LCD, requests 
have been made to make the area of the EL device larger, and the EL device needs to be made on a large 
scale. Incidentally, low molecular weight organic fluorescent materials such as tris (6-hydroxyquinoline) alu- 
minum and anthracene, which have been used up to now as the light emitting layer, are difficult to make into 
a thin film by coating when they are independently used without matrix materials. 

25 On the other hand, there has been a trial to make a light emitting layer by spin coating a polymer semi- 
conductor such as polyvinylcarbazole in which a fluorescent substance such as perylene or triphenyl butadiene 
is dispersed polymer, 24, 748 (1983)], but this trial has a problem because of low luminance. Therefore, meth- 
ods for making a thin film for highly luminant EL devices could not help being restricted to limited methods 
such as a vapor deposition methods. 

30 The organic EL device made by vapor deposition has a problem in that it has lower light emitting luminance 
and light emitting efficiency per unit of electric power than other light emitting devices. To solve this problem, 
the efficiency of charge injection from an electrode needs to be improved to realize a high luminance with a 
low drive voltage. Furthermore, when the EL device acts as a display, light must be uniformly emitted over a 
large area. An organic thin film layer constituting the organic EL device has a very thin film thickness of about 

35 1 000 angstroms, and thus a problem occurs in that light is liable to be irregularly emitted. This is thought to 
be caused by an irregular substrate and an uneven electrode. 

The present inventors have found that when a polymer having a short conjugated chain is used as a light 
emitting material, the polymer can be easily made into a thin film by, for example, a spin coating method or a 
casting method, and that an EL device having excellent uniformity can be provided by using the polymer, as 

40 the result of a study with an attention paid to the fact that conjugated polymers, which have been studied as 
conducting polymers, include fluorescent materials. It has also been found that a conducting polymer having 
a sufficiently long conjugaged chain can be used as a charge transport material and can provide an EL device 
having excellent uniformity. Furthermore the inventors have found that a conducting polymer layer, which is 
disposed between a charge transport layers) and an electrode of an organic EL device comprising a light emit- 

45 ting layer and the charge transport layer(s), remarkably improves the uniformity of light emission, light emitting 
efficiency and luminance. o 

The present invention seeks to provide an EL device which uses a conjugated polymer as a light emitting 
layer and has excellent uniformity of light emission, an EL device which uses a conducting polymer as a charge 
transport layer and has excellent uniformity of light emission over the whole surface of the device, and an EL 

so device which has a specific conducting polymer layer disposed between a charge transport layer and an elec- 
trode and has excellent uniformity of light emission, light emitting efficiency, and luminance. 

The present invention provides an organic electroluminescence device having a light emitting layer or a 
light emitting layer and a charge transport layer disposed between a pair of electrodes, at least one of which 
is transparent or semi-transparent, the light emitting layer comprising a conjugated polym r having a repeating 

55 unit of general f rmula(1): 

-Ar-i - CH = CH- (1) 

where A^ is an aromatic hydrocarbon group of 6 to 14 carbon atoms which is unsubstituted or substituted by 
one or two hydrocarbon or alkoxy groups having 1 1 22 carbon atoms, said polymer being obtainable by any 

2 
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ne of the foil wing methods: 

(A) heat treating at a temp rature from 80 to less than 200°C a polymer intermediate having a rep ating 
unit of general f rmula (4): 




where An is as defined above and in which Rj and R 2 , which are same or different, are alkyl of 1 to 8 carbon 
15 atoms and X" is a counteranion, or the general formula (5): 



-Ar, 



CH - CH 2 - 



20 



(5) 



OR, 



where Ar! is as defined above and R 3 is a hydrocarbon group of 1 to 12 carbon atoms; 

(B) condensation polymerisation in solution, and in the presence of an alkali, of a dihalogenide compound 
25 of the general formula (6): 

Xj-OVAn-CHz-Xj (6), 
where A^ is as defined above and X 2 is halogen; 

(C) subjecting a dialdehyde compound of general formula: 

CHO-Ar r CHO 

30 where A^ is as defined above, and a phosphonium salt of a dihalogenide compound of general formula 
(6) as defined above to condensation polymerization by a Wittig reaction. 

The present invention also provides an organic electroluminescence device having a light emitting layer 
and a charge transport layer disposed between a pair of electrodes at least one of which is transparent or semi- 
transparent; the charge transport layer comprising a conducting polymer having a repeating unit of the general 
35 formula (2) : 

-Ar 2 - B- (2) 

where Ar 2 represents an aromatic hydrocarbon group of 6 to 14 carbon atoms, or a heterocyclic aromatic hy- 
drocarbon group of 4 to 6 carbon atoms containing nitrogen, sulfur or oxygen, which aromatic group is unsub- 
stituted or substituted by one or two hydrocarbon or alkoxy groups of 1 to 22 carbon atoms and B is a -CH = 
40 CH- or -NH- group. 

The present invention additionally provides an organic electroluminescence device having a light emitting 
layer, a charge transport layer and a conducting buffer layer disposed between a pair of electrodes at least 
one of which is transparent or semi-transparent; the conducting polymer buffer layer being disposed between 
the charge transport layer and one of the electrodes and the conducting polymer having a repeating unit of 
45 the general formula (2) : 

-Ar 2 - B- (2) 

where Ar 2 and B are as defined above. 

Figures 1 to 3 show conceptual cross sectional views of examples of the organic electroluminescence de- 
vices of the present invention. 
so The EL device of the present invention will now be described below in more detail. 

The methods of synthesizing a conjugated polymer of general formula (1) or (2) are not particularly limited, 
but, for exmaple, several known methods as described below can be used. 

According to the sulfonium salt decomposition method described in United States Patent No. 4,528,118, 
first, a monomer of the general formula (3): 
55 G-CH 2 -Ar 3 -CH 2 -G (3) 

wherein Ar 3 is as defined for A^ or Ar 2 described above and G is 
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wherein R^ and R 2f which are the same or different, are alky! of 1 to 8 carbon atoms and X" is a count ranion, 
is reacted with an aikali in water at about 0°C to obtain a polymer intermediate having a sulfonium salt as a 
side chain and having a repeating unit of the general formula (4): 



3 I . 2 (4) 

S X~ 
/ \ 
R l R 2 

wherein Ar 3f X", R^ and R 2 are as defined above. 

The thus obtained polymer intermediate having a sulfonium salt as a side chain is reacted with an alcohol to 
obtain a polymer intermediate having an alkoxy group as a side chain and having a repeating unit of the general 
20 formula (5): 



10 



15 



25 



■Ar, - CH - CH 9 - 

I 2 
OR, 



(5) 



wherein Ar 3 is as defined above and R3 is a hydrocarbon group of 1 to 12 carbon atoms such as methyl, ethyl, 
propyl or butyl. Alternatively, the above polymer intermediate having a sulfonium salt as a side chain is reacted 
30 with an aromatic sulfonic acid to obtain a polymer intermediate having a sulfonic acid salt as a side chain. 

These three polymer intermediates are subjected to a heat treatment to obtain the conjugated polymer of 
general formula (1) or (2) wherein B is -CH = CH-. 

When Ar t or Ar 2 is a non-substituted aromatic hydrocarbon group or is an aromatic hydrocarbon group sub- 
stituted by alkyl or alkoxy of 3 or less carbon atoms, the conjugated polymer of general formula (1) or (2) is 
35 very difficult to dissolve in a solvent The polymer intermediates obtained by the above method can, however, 
be dissolved in a solvent and therefore a solution thereof can be made into a thin film by coating means and 
subjected to an elimination reaction of their side chains, as described hereinbelow. Thus, thin films of the con- 
jugated polymers can be prepared. 

When ATj or Ar 2 is an aromatic hydrocarbon group substituted by alkyl or alkoxy of 4 or more carbon atoms 
40 and B is -CH = CH-, the conjugated polymers themselves can be dissolved in a solvent and therefore a deny- 
drohalogenation method or a Wittig reaction method, can, for example, be applied. 

According to the dehydrohalogenation method, first, a dihalogenide compound of general formula (6): 

X 2 -CH 2 -Ar 3 -CH 2 -X 2 (6) 
wherein Ar 3 is as defined above and X 2 is a halogen, is subjected to condensation polymerization by an alkali 
45 such as potassium t-butoxide in solution to obtain the conjugated polymer of general formula (1) or the con- 
ducting polymer of general formula (2) wherein B is -CH = CH-. 

According to a Wittig reaction method, triphenyiphosphine for example, is reacted with a dihalogenide com- 
pound of general formula (6) to make a phosphonium salt, and a dialdehyde compound (CHO - Ar 3 - CHO) is 
reacted with the phosphonium salt to obtain the conjugated polymer of general formula (1 ) or the conducting 
50 polymer of general formula (2) wherein B is -CH = CH-. 

When B is -NH- in the conducting polymer of general formula (2), the conducting polymer is preferably 
polyaniline and the derivatives thereof which are obtained by the electrochemical polymerization of aniline or 
a derivatives thereof, or the chemical polymerization of the same, by a known method. The conducting polymer 
is m re preferably polyaniline. 
55 To diss Ive the polyaniline and the derivatives th reof in a solvent in high concentrations, they are tr ated 
with an alkali solution after they have been p lymerized. Sodium hydroxide, p tassium hydroxide, aqueous 
ammonia r hydrazine, for example, can be used as an alkali. Th d gree of polymerizati nof polyaniline and 
the derivatives thereof is preferably 0.1 dl/g or more in terms of limiting viscosity [r\] (in N-methyl-2-pyrrolidone 
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at 30°C). 

Ari in the conjugated polym r of general formula (1) includes, for example, aromatic hydrocarbon groups 
such as p-ph nylene, 2,6-naphthalenediyl and 9,10-anthracenediyi. Substituents on the aromatic hydrocarbon 
group include hydrocarbon groups having 1 to 22 carbon atoms such as m thyl, thyi, propyl, butyl, pentyl, 
hexyl, heptyl, octyl, lauryl and octadecyi, and alkoxy groups having 1 to 22 carbon atoms such as methoxy, 
ethoxy, propoxy, pentyloxy, hexyloxy, heptyloxy, octyloxy, lauryloxy and octadecyloxy. Therefore, the nuclear- 
substituted aromatic group includes mono alkyl-p-phenylene, mono alkoxy-p-phenylene, 2,5-di 
d.22 alkyl-p-phenylene, 2,5-di alkoxy-p-phenylene, more specifically monomethyl-p-phenylene, mono- 
methoxy-p-phenylene, 2,5-dimethyl-p-phenylene, 2,5-dimethoxy-p-phenylene, monoethyl-p-phenylene, 2,5- 
diethoxy-p-phenylene, 2,5-diethyl-p-phenylene, monobuty»-p-phenylene, monobutoxy-p-phenylene, monobu- 
tyl-p-phenylene, 2,5-dibutoxy-p-phenylene, 2,5-diheptyl-p- phenyl ene, 2,6-diheptyloxy-p-phenylene, 2,5-dio- 
ctyi-p-phenytene, 2,5-dioctytoxy-p-phenylene, 2,5-dilauryl-p-phenylene, 2,5-dilauryloxy-p-phenylene, 2,5- 
distearyl-p-phenylene and 2,5-distearyloxy-p-phenylene. Among these, p-phenylene, 2,5-di C,^ alkyl-p-phe- 
nylene and 2,5-di alkoxy-p-phenylene are preferred because the resulting organic EL device has a high 
light emitting luminance. More preferred are p-phenylene, 2,5-dimethoxy-p-phenylene, 2,5-diethoxy-p-phenyl- 
ene, 2,5-dibutoxy-p-phenylene, 2,5-diheptyloxy-p-phenylene and 2,5-dilauryloxy-p-phenylene. 

When B is -CH = CH- in the conducting polymer of general formula (2), Ar 2 represents a heterocyclic ar- 
omatic hydrocarbon group having 4 to 6 carbon atoms containing nitrogen, sulfur or oxygen in addition to an 
aromatic hydrocarbon group similar to A^. Furthermore, the substituent on the nuclear-substituted aromatic 
hydrocarbon group includes a hydrocarbon group having 1 to 22 carbon atoms and an alkoxy group having 1 
to 22 carbon atoms similar to A^. Specific examples of the nuclear-substituted aromatic group are the same 
as those of A^. The heterocyclic aromatic hydrocarbon group includes, for example, 2,5-thienylene, 2,5-f ur- 
andiyl and 2,5-pyrroldiyl. The nuclear-substituted heterocyclic aromatic hydrocarbon group having 4 to 6 car- 
bon atoms includes, for example, 2,5-thienylene, 2,5-furandiyl and 2,5-pyrroldiyl having the 3-position and/or 
the 4-position substituted by the above hydrocarbon group or alkoxy group. Preferred are p-phenylene, 2,5- 
di C^AIkyl-p-phenylene, 2,5-thienylene, 3-C u2 2 alkyl-2,5-thienylene and 2,5-di C^alkoxy-^S-thienylene. 

More preferred are p-phenylene, 2,5-dimethoxy-p-phenylene, 2,5-diethoxy-p-phenylene 2,5-dipropoxy-p- 
phenylene, 2,5-dibutoxy-p-phenylene and 2,5-thienylene. 

To obtain a uniform thin film by a spin coating method or a casting method using the conjugated polymer 
of general formula (1) or the conducting polymer of general formula (2), the molecular weight of their intermedi- 
ates or the conjugated polymer must be sufficiently high. The degree of polymerization is generally 5 or more, 
preferably 10 to 50000. Specifically, those which have a high molecular weight to be eluted before a solvent 
elusion position corresponding to a standard polystyrene with a molecular weight of 2800 in the measurement 
of molecular weights by gel permeation chromatography is more effective. 

The counteranion X" of the sulfonium salt of the polymer intermediate obtained by the monomer of the gen- 
eral formula (3) includes halogen ions such as CI" and Br and compound ions such as BF 4 ~ and p-toluene 
sulfonic acid ions obtained by substituting the halogen ions thereof. The polymer intermediate sulfonium salt 
has a different property depending on the type of the counteranion. When halogen ions are taken as an ex- 
ample, a heat elimination reaction is liable to occur when the counteranion is Br rather than Cl~. When the 
counteranion is BF 4 ~, the salt is soluble in an organic solvent such as N,N-dimethylformamide. When the coun- 
teranion is a p-toluene sulfonic acid ion, the side chain of the polymer intermediate sulfonium salt may be con- 
verted into an alkoxy group. 

A side chain is subjected to an elimination treatment to convert the polymer intermediate into the conju- 
gated polymer. Although the elimination treatment is generally carried out by light exposure or heating, heat 
treatment is preferable. When a conjugate chain is formed by subjecting the side chain to heat elimination treat- 
ment, the conjugate chain length can be regulated by the temperature at which the heat treatment is carried 
out. More specifically, at a higher temperature within a predetermined temperature at which the heat treatment 
is carried out, the longer the conjugate chain is extended. 

The sulfonium salt decomposition method, dehydrohalogenation method, and Wittig method among the 
above synthesizing methods are preferable because these methods can easily control the molecular weight 
and the conjugate length to obtain a conjugated polymer exhibiting strong fluorescence as the light emitting 
material of general formula (1). 

Since th sulfonium salt decomposition method provides a polymer intermediate of a conjugated polymer, 
the polymer int rmediat is subjected to a heat treat m nt to be converted into the conjugat d polym r. The 
heat treatment is preferably carri d ut at a r latively low temp rature t obtain a c njugated p lym r having 
a strong emitting light. Specifically, the heat treatment is pr f rably carri d out at 80°C to 200°C. 
Methods other than the sulfonium salt decomposition method do not need a heat treatm nt 
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On the other hand, when the conducting polymer of general formula (2) is used for a charge transport layer 
rabuff May r, the conducting polymer pref rablyhasalargermolecularweightandalong r conjugate chain. 
The conjugat d polymer btained by the abov methods is f urth r subjected to a heat treatment to eliminat 
side chains not y t eliminated t obtain a material having a better charge transport characteristic. Th h at 
treatment temperature is preferably 200°C to 400°C, although it depends on th Ar 2 group in general formula 
(2). 

A polymer intermediate obtained by a surfonium decomposition method is converted into the conjugated 
polymer by subjecting it to a heat treatment, but when the conjugated polymer is used as a charge transport 
layer or a buffer layer, the polymer intermediate must be fully subjected to the elimination treatment of the 
side chains for excellent characteristics. The treatment is preferably carried out at 200°C to 400°C. 

When the conjugated polymer obtained by the sulfonium salt decomposition method is used as a light emit- 
ting material, a charge transport material or a buffer layer material, the heat treatment time is not particularly 
limited, so long as a side chain eliminating reaction occurs during the treatment. The time is generally 10 min- 
utes to 20 hours, preferably 30 minutes to 8 hours. 

The atmosphere in which the heat treatment is carried out is not particularly limited, so long as the polymer 
film is not deteriorated and, in particular, an oxidizing reaction is not caused by oxygen and air. It is generally 
an inert gas atmosphere such as N 2 , Ar or He, or the heat treatment may be carried out in a vacuum or an 
inert liquid medium. 

It is known that the conducting polymer of general formula (2) has an increased electrical conductivity when 
doped with impurities such as sulfuric acid, iodine or iron (II) chloride. It is also known that, in the state in which 
the electrical conductivity is increased as described above, absorbance in a visible wavelength region is also 
increased and optical transmittance is greatly reduced such that transparency is lost. Therefore, the doping 
is not preferably carried out when light emitted is to be taken out from the conducting polymer side of the EL 
device. Since the absorption spectrum correlates with the electrical conductivity, the electrical conductivity is 
preferably 0.1 S/cm or less. 

Figures 1, 2 and 3 show the structure of EL devices of the present invention, respectively, when the con- 
jugated polymer of general formula (1) is used as a light emitting material, when the conducting polymer of 
general formula (2) is used as a charge transport layer, and further when the above conducting polymer is dis- 
posed between the charge transport layer and the electrode as a buffer layer. 

A transparent electrode 2 formed on a transparent substrate 1 such as glass or transparent plastic is used 
as a transparent thin electrode used in a process of manufacturing the EL device. A conducting metal oxide 
film or a semi-transparent metal film are, for example, used as electrode materials. 

Specifically, the electrode material includes, indium-tin-oxide (ITO), tin oxide (NESA), Au, Pt, Ag and Cu. 
The electrode is made by, for example, a vacuum vapor deposition, sputtering method or plating method, and 
the film thickness thereof is about 50 angstroms to about 1 micrometer, preferably about 100 angstroms to 
about 500 angstroms. 

When the conjugated polymer of general formula (1 ) is used as a light emitting layer 3 in the device shown 
in Figure 1 , a thin film is formed on an electrode 2 from the solution of the polymer or the polymer intermediate 
thereof. Although the film thickness of the light emitting layer 3 is not particularly limited, it is, for example, 50 
angstroms to 10 micrometers, preferably 100 angstoms to 1 micrometer, to increase the current density so as 
to increase the light emitting efficiency. When the polymer intermediate is made into a thin film, it is thereafter 
subjected to a heat treatment, for example, at 80"-200°C so that it is converted into the corresponding conju- 
gated polymer. 

The light emitting layer 3 may be used independently, or further in combination with a known transport 
material or a light emitting material. More specifically, the light emitting layer may be combined with the charge 
transport layer of the conducting polymer according to the present invention or a known charge transport layer 
or a known light emitting layer. 

Next, an electron injection cathode 4 is formed. 

When the conducting polymer of general formula (2) is used as a charge transport layer 5 in the device 
shown in Figure 2, a thin film is formed on an electrode from the solution of the polymer or the polymer inter- 
mediate thereof. Although the f ilm thickness of the charge transport layer is not particularly limited, it is, for 
exmaple, 50 angstroms to 10 micrometers, preferably 100 angstoms to 1 micrometer, to increase the current 
density s as to increase the light emitting efficiency. When the polymer intermediate is made into a thin film, 
it is subjected to a heat treatment at 200 to 400°C so that it is suffici ntly converted into th corresp nding 
conducting polymer. The charge transp rt layer 5 may be used independently, r a lay r of a h le or lectron 
transport material may be further provided therewith . M re specifically, the charge transport layer may be com- 
bined with the charge transport layer of an ther conducting polymer according to the present inv ntion or a 
known charge transport layer. Furthermore, a known light emitting layer 3 is formed on the c nducting polymer 
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lay r 5 and an el ctron injection, cathode 4 is formed thereon. 

When the conducting polym r of g neral formula (2) is used as a buffer layer 6 dispos d between a charge 
transport layer and an electrode in the device shown in Figure 3, a thin film is formed on th electrode from 
the solution f the polymer or th p lymerinterm diat th r of.Alth ughth film thickness of the buff rlay r 
6 is not particularly limit d, it is, for example, 50 angstroms to 10 micrometers, preferably 100 angstroms to 
1 micrometer, more preferably 100 to 1000 angstroms, to increase the current density so as to increase the 
light emitting efficiency. When the polymer intermediate is made into a thin film, it is thereafter subjected to 
a heat treatment at a relatively high temperature of 200 to 400°C so that it is sufficiently converted into the 
corresponding conducting polymer. The conducting polymer layer is used with a hole transport layer 5 as a 
known charge transport layer and a light emitting layer 3 laminated thereon. An electron injection cathode 4 
is formed thereto. With this arrangement, the u niformity of light emission over the whole surface of the device, 
the light emitting efficiency and luminance are remarkably improved. 

The light emitting layer of the conjugated polymer of general formula (1 ), the charge transport layer of the 
conducting polymer of general formula (2) and the buffer layer are made into a thin film by a spin coating meth- 
od, casting method, dipping method, bar coating method, roll coating method or and vapor deposition to thereby 
provide a uniform layer having a large area. 

Materials for the known light emitting layer and charge transport layer are not particularly limited. Known 
materials such as those disclosed in, United States Patent Nos. 4,356,429 and 4,539,507 can be used as the 
light emitting material. Preferably used as the light emitting material are, for example, metal complexes of 8- 
hydroxy quinoline and the derivatives thereof, naphthalene derivatives, anthracene derivatives, perylene der- 
ivatives, cyanine dyes, melocyanine dyes, xanthene dyes, cumaline dyes, styryl dyes, other dyes, aromatic 
amines, tetraphenyl cyctopentadiene derivatives and tetraphenyl butadiene derivatives. Specifically, prefer- 
ably used are perylene, tris (8-hydroxyquinoline) aluminum (hereinafter referred to as Alq 3 ), tetracene, tetra- 
phenylbutadiene, tetraphenylcydopentadiene, 9,11-bisstyrylanthracene, 3,3-diethylthiadicarbocyanine-io- 
dine, l,3-diethyl-5-[(2-(3-ethyl-2-benzothiazolinilidene)-ethylidene]-2-thiohydantoin f 4-dicyanomethylene-6- 
(p-dimethylaminostyryl)-2-methyl-4H-pyrane, 



and 




och 3 
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The materials for the known hole transport layer Include aromatic amines as listed below: 




(hereinafter referred to as TAPC), 




R=H, -CH-, -C~H 



(hereinafter referred to as TPA), and 




(hereinafter referred to as TPD). 

Note that the structure of the organic EL device may be a combined structure of a so-called sandwich 
structure having an electron transport layer between a light emitting layer and a cathode as well as the 
(anode/buffer layer/charge transport layer/light emitting layer/cathode) structure shown in Figure 3. Materials 
for the electron transport layer in this case include, for example, 



* -.»- ®-&-®-® 

(hereinafter referred to as PBD). The above-mentioned Alq 3 may be used depending on the combination of 
the layers. 

In the structure shown in Figure 3, the combination of the charge transport layer and light emitting lay r 
may be a bilayer structure of (light emitting layer/charg transp rt layer) or (charge transport layer/light emit- 
ting lay r) r alternatively r plac d by a three-layer structure of (charge transport lay r/light mitting layer- 
/charge transport layer). In the thr e-lay r structure, the two charge transport layers may be differ nt from 



8 



EP 0 443 861 B1 



each other. 

Thes known electron transport layer and light emitting layer are formed by a vacuum vap r deposition 
method or another known method. When the conjugated polymer and conducting polym rare used, a spin coat- 
ing method, casting meth d, dipping m thod, bar coating method or roll coating m thod may, for example be 
5 used. 

Preferred materials for the electron injection cathode of the EL device are metals having a small work func- 
tion which includes AI, In, Mg, Mg-Ag alloy, In-Ag alloy and a graphite thin film. The film thickness of the electron 
injection cathode is 50 angstroms to 1 micrometer, preferably 500 to 6000 angstroms. The electron injection 
cathode is made, for example, by a vacuum vapor deposition method or sputtering method. 
w According to the present invention, the polymer intermediate of the conjugated polymer or the conjugated 
polymer which are soluble in a solvent is used as the light emitting material, the charge transport material and 
the buffer layer for the electrode, whereby an EL device having a large area can easily be made. When the 
buffer layer is used, the uniformity of luminance and light emission is greatly improved. 

EL devices according to the present invention are preferably used as a plane light source such as a back 
15 light or flat panel display. 

The present invention is now further described in the following Examples. 

Example 1 

20 9.6 Grams of 2,5-diheptyloxy-p-xylilenedibromide was subjected to condensation polymerization using 5.0 

g of potassium t-butoxide in 80 g of xylene to obtain poly-2,5-diheptyloxy-p-pheny1enevinylene (HO-PPV). A 
chloroform solution thereof was applied to a thickness of 1000 angstroms by a spin coating method at 2000 
rpm on a glass substrate on which an ITO thin film had been deposited to a thickness of 200 angstroms by 
sputtering, to provide a light emitting layer. Further, an aluminum electrode was formed thereon to a thickness 

25 of 1000 angstroms by vapor deposition. Terminals were formed to the ITO electrode and aluminium electrode 
using a silver paste and fixed with an epoxy resin. 

When a voltage of 40 V was applied on the thus formed organic EL device, a yellowish orange light having 
a current density of 2.5 mA/cm 2 and a luminance of 0.06 cd/m 2 was confirmed. The peak wavelength of the 
light emitting spectrum was 580 nm and coincided with that of the fluorescent spectrum of the spin-coated 

30 thin film of the HO-PPV. Further, the light emitting strength was increased in proportion to the current density. 

Example 2 

2,5-Thienylene bis(dimethylsulfonium bromide) was polymerized using an alkali in the same way as de- 
35 scribed in Polymer Communication, 28, 229 (1987) and reacted with methanol to obtain poly(2,5-thienylene 
methoxyethylene) as a polymer intermediate of poly-2,5-thienylenevinylene(hereinafter referred to as PTV). 
An N,N-dimethylformamide(hereinafter referred to as DMF) solution of the thus obtained polymer intermediate 
was applied by a spin coating method at 2000 rpm to a thickness of 700 angstroms on a glass substrate on 
which an ITO thin film was deposited to a thickness of 200 angstroms by sputtering and, thereafter, subjected 
40 to a heat treatment in N 2 at 200°C for 2 hours. The film thickness of the polymer intermediate was reduced to 
400 angstroms by the heat treatment When an infrared adsorption spectrum was measured, the absorption 
peak of 11 00 cnr 1 inherent in the polymer intermediate was found to disappear, and thus a PTV structure was 
confirmed and the PTV was used as a charge transport layer. 

Next, p-xylilene bis(diethylsulfonium bromide) was polymerized in water by adding dropwise an aqueous 
45 solution of sodium hydroxide to obtain an. aqueous solution of poly(p-phenyleneethylene)sulfonium salt (here- 
inafter referred to as PPV intermediate) as a polymer intermediate of poly-p-phenylenevinylene (hereinafter 
referred to as PPV). according to the description of United States Patent No. 4,528,11 8. 

An aqueous solution of the thus obtained PPV intermediate was spin coated at 2000 rpm on a PTV thin 
film formed on an ITO film. Film thickness at this time was 500 angstoms. Thereafter, the PPV intermediate 
50 was subjected to a heat treatment in N 2 at 120°C for 2 hours. The film thickness was 400 angstroms after the 
heat treatment and it was confirmed by an infrared absorption spectrum that a PPV structure was not perfectly 
formed and that the structure of the PPV intermediate partially remained. Further, an aluminum electrode was 
formed thereon similarly to Example 1 to complete a device. 

Wh navoltag of 20V was applied on th thus formed bilayer laminating type device, a yellow light having 
55 a luminanc of 0.05 cd/m 2 was observed at a current density of 25 mA/cm 2 . The peak wav length of a light 
mittingsp ctrum was 550 nm and coincided with that f the fluorescent spectrum of the thin film fPPV. 
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Example 3 

Aniline was subj cted to chemical oxidation polymerization using ammonium persulfate as an oxidizing 
agent to btain polyaniline (her inafter referred to as PAn), acc rding to th method described in M lecular 

5 Crystals and Liquid Crystals, Part E, 121, pp 173 - 180 (1985). Thereafter, the polyaniline was treated in an 
aqueous solution of sodium hydroxide, cleaned and dried, and then dissolved in DMF. The DMF solution of 
PAn was applied to a thickness of 200 angstroms by a spin coating method at 2000 rpm on a glass substrate 
on which an ITO film thin was deposited to a thickness of 200 angstroms by sputtering, and, thereafter, dried 
at 200°C for 2 hours. Next, perylene was formed on the PAn by a vapor deposition method. The degree of va- 

w cuum was 5 x 10^Torr (6.7 x 10-* Pa) during the deposition and the film thickness of perylene was 1800 ang- 
stroms. An aluminum electrode was formed thereon by vapor deposition to complete an EL device. When a 
voltage of 45 V was applied on the device, a current having a current density of 42 mA/cm 2 flowed and a violet 
EL emitting light having a luminance of 0.11 cd/m 2 was observed. The luminance was in proportion to the cur- 
rent density. 

15 

Example 4 

The poly-2,5-thienylenevinylene intermediate obtained in Example 2 was applied to a thickness of 700 ang- 
stroms by a spin coating method at 2000 rpm on a glass substrate on which an ITO thin film was deposited 
20 to a thickness of 200 angstroms by sputtering, and, . thereafter, subjected to a heat treatment in N 2 at 200°C 
for 2 hours. The film thickness of the PTV intermediate was reduced to 400 angstroms by the heat treatment. 
When an infrared absorption spectrum was measured, the absorption peak of 1100 cnr 1 inherent to the inter- 
mediate was found to disppear, and thus a PTV structure was confirmed and the PTV was used as a charge 
transport material. 

25 Next, the chloroform solution of HO-PPV obtained in Example 1 was applied to a thickness of 1000 ang- 
stroms by a spin coating method at 2000 rpm on a PTV thin film on which an ITO thin film had been formed, 
and the resultant material was used as a light emitting material. An aluminum electrode was formed thereon 
by vapor deposition to a thickness of 1000 angstroms. Terminals were formed to the ITO electrode and alu- 
minum electrode using a silver paste and fixed with an epoxy resin. 

30 When a voltage of 35 V was applied on the thus formed bilayer laminating type device, a yellowish orange 
light having a luminance of 0.12 cd/m 2 was observed at a current density of 7 mA/cm 2 . The peak wavelength 
of a light emitting spectrum was 580 nm and coincided with that of the fluorescent spectrum of the thin film 
of the HO-PPV. Further, the light emitting strength was increased in proportion to the current density. 

35 Example 5 

A PPV intermediate was applied to a thickness of 600 angstroms by the same method as described in Ex- 
ample 4 except that the PPV intermediate obtained in Example 2 was used in place of the PTV intermediate. 
Thereafter, the spin coated film of the PPV intermediate was subjected to a heat treatment at 370°C for 2 hours 

40 to be made into a PPV thin film. Its film thickness was 300 angstroms after the heat treatment A change to 
the PPV structure was confirmed by a change in an infrared absorption spectrum. The PPV thin film was used 
as a charge transportation film. HO-PPV was spin coated thereon in the same way as in Example 2 and an 
aluminum electrode was formed by vapor deposition to complete an EL device. 

When a voltage of 30 V was applied on the thus formed bilayer laminating type device, a yellowish orange 

45 light having a luminance of 0.09 cd/m 2 was observed at a current density of 1 7 mA/cm 2 . A light emitting spec- 
trum was similar to that in Example 2. 

Example 6 

50 A PAn film was formed in the same way as in Example 3 and used as a charge transport layer. Further, 
HO-PPV was spin coated thereon in the same way as in Example 4 and an aluminum electrode was formed 
by vapor deposition to complete a device. 

When a voltage of 50 V was applied on the thus formed bilayer laminating type device, a yellowish orange 
light having a luminance of 0.04 cd/m 2 was observed at a current density of 12 mA/cm 2 . Further, wh n the ap- 

55 pli d voltage was incr ased t provide a current density of 1 2 mA/cm 2 , a yellowish orang light having a lumi- 
nance of 0.43 cd/m 2 was confirmed. The light emitting spectrum was similar to that in Example 2. 
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Example 7 

A PAn f ilm was formed in the same way as in Example 3 and us d as a charge transport layer. Further, 
an HO-PPV/p rylen mixture was applied thereon at 2000 rpm using a chl rof rm solution of the HO-PPV ob- 

5 tained in Exmaple 1 and perylene f 1 mol% to the HO-PPV dissolved therein, and th resultant material was 
used as a light emitting layer. Further, an aluminum electrode was formed thereon to a thickness of 1000 ang- 
stroms by vapor deposition. Terminals were formed to the ITO electrode and aluminum electrode using a silver 
paste and fixed with an epoxy resin. When a voltage of 60 V was applied on the thus formed device, a yellow 
orange light having a luminance of 4 cd/m 2 was observed at a current density of 50 mA/cm 2 . A light emitting 

w spectrum had a peak at 580 nm and coincided with that of the single HO-PPV. 

Example 8 

A PAn film was formed in the same way as in Example 3 and used as a charge transport layer, and . then 
15 a chloroform solution of perylene was spin coated thereon at 2000 rpm. The HO-PPV obtained in Example 1 
was further spin coated at 2000 rpm from its chloroform solution, and finally an aluminum electrode was formed 
by vapor deposition to a thickness of 1050 angstroms. Terminals were formed to the ITO electrode and alu- 
minum electrode using a silver paste and fixed with an epoxy resin. When a voltage of 60 V was applied on 
the thus formed device, a yellow orange light having a luminance of 1 3 cd/m 2 was observed at a current density 
20 of 51 mA/cm 2 A light emitting spectrum had a peak at 580 nm and coincided with that of the HO-PPV. 

Example 9 

An aqueous solution of NaBF 4 was added to an aqueous solution of the PPV intermediate obtained in ex- 
25 ample 2 to obtain a PPV intermediate with a counter-anion of BF 4 ". The PPV intermediate was soluble in DMF 

and mixed with the PTV intermediate obtained in Example 2 (PPV intermediate/PTV intermediate = 20/80). 

The thus obtained mixed solution of the PPV/PTV intermediate was spin coated at 2000 rpm to a thickness of 

500 angstroms, and, thereafter, subjected to a heat treatment in vacuum at 200°C for 2 hours. The thickness 

of the coated f ilm was reduced to 300 angstroms by the heat treatment 
30 The thin film of the mixture of PTV and PPV was used as a charge transfer layer. 

Tris (8-quinolinol) aluminum (hereinafter referred to as Alq 3 ) as a light emitting material and indium as an 

electrode were vapor deposited to a film thickness of 1040 angstroms and 6400 angstroms, respectively. 

These layers were continuously vapor deposited without breaking the vacuum. The degree of vacuum was 3 

x 1 0-* Torr (4x1 0 -4 Pa) or less when the vapor deposition was carried out. When a voltage of 30 V was applied 
35 on the device, a current having a current density of 205 mA/cm 2 flowed and a green EL light having a luminance 

of 282 cd/m 2 was observed. The luminance was in proportion to the current density. 

Example 10 

40 The DMF solution of the PTV intermediate obtained in Exmaple 2 was applied to a thickness of 500 ang- 
stroms by a spin coating method at 2000 rpm on a commercially available ITO/glass substrate ultra-sonically 
cleaned in acetone, and, thereafter, subjected to a heat treatment in vacuum at 200°C for 2 hours. The film 
thickness of the PTV intermediate was reduced to 300 angstroms by the heat treatment When an infrared 
absorption spectrum was measured, the absorption peak of 1 1 00 cnr 1 inherent to the intermediate was found 

45 to disappear, and thus the PTV structure was confirmed. 

Next, TPD as a charge transport material, Alq 3 as a light emitting material, and indium as an electrode 
were sequentially vapor deposited thereon to a film thickness of 1140 angstroms, 1040 angstroms, and 6400 
angstroms, respectively. These layers were continuously vapor deposited without breaking the vacuum. The 
degree of vacuum was 3x10-6 Torr (4x10-* Pa) or less when the vacuum deposition was carried out When a 

50 voltage of 28 V was applied on the device, a current having a current density of 208 mA/cm 2 flowed and a green 
EL light having a luminance of 3992 cd/m 2 was observed. The luminance was in proportion to the current den- 
sity. Further, when observed under a stereoscopic microscope with a magnification of x 8, the light was uni- 
formly emitt d over the entire device. Table 1 shows the result of measurement of the characteristics of this 
devic . 

55 

Exmapl 11 

An organic EL d vice was made in the same way as in Example 2 xcept that th PPV intermediat ob- 
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tained in Example 2 was used. When a voltag of 35 V was applied on the device, a current having a current 
d nsity of 190 mA/cm 2 fl wed and a green EL light having a luminanc of 3395 cd/m 2 was obs rv d. Table 1 
shows the result of observati n of the light emitting state and the result of measurement of the charact ristics 
of this device, similarly to Exampi 10. 

Example 12 

A mixed film of PTV and PPV was formed on an ITO/glass substrate in the same way as in Example 10. 
except that a mixed solution of the polymer intermediates of PPV and PTV obtained in Example 9 was used 
in place of the PPV intermediate. Next, TPD, Alq 3 and indium were vapor deposited on the thus formed con- 
ducting polymer film in the same way as in Example 10, whereby an EL device was made. 

When a voltage of 25 V was applied on the thus made device, a light having a luminance of 4606 cd/m 2 
was observed at a current density fo 208 mA/cm 2 . Table 1 shows the result of observation of the light emitting 
state and the result of measurement of the characteristics of this device, similarly to Example 1 0. 

Example 13 

A PAn layer was formed to a thickness of 1 30 angstroms by a spin ccating method at 2000 rpm on an ITO- 
glass substrate from a DMF solution of the PAn obtained in Example 3, and, thereafter, dried in vacuum at 
60°C for 2 hours. Further, TPD, Alq 3 and indium were laminated thereon by vacuum vapor deposition similarly 
to Example 10, whereby an EL device was made. 

When a voltage of 35 V was applied on the thus made device, a green light having a luminance of 4818 
cd/m 2 was confirmed at a current density of 200 mA/cm 2 Table 1 shows the result of observation of the light 
emitting state and the result of measurement of the characteristics of this device, similarly to Example 1 0. 

Comparative Example 1 

An EL device was made in the same way as in Example 9 except that the conducting polymer layer was 
not provided. When a voltage of 27 V was applied on the thus made EL device, a green light having a luminance 
of 3022 cd/m 2 was confirmed at a current density of 185 mA/cm 2 . Table 1 shows the result of observation of 
the light emitting state and the result of measurement of the characteristics of this device, similarly to Example 
10. 

Example 14 

A mixed solution of the PPV and PTV intermediates obtained in Example 9 was applied on an ITO-glass 
substrate to form a film of the mixture of the PPV and PTV intermediates by a method similar to that used in 
Example 10 to form the film of the PTV intermediate. 

Next, TPD as a charge transport material, tetraphenylbutadiene (TPB) as a light emitting material, and in- 
dium as an electrode were vapor deposited thereon to a film thickness of 1000 angstroms, 500 angstroms, 
450 angstroms and 6200 angstroms, respectively. These layers were continuously vapor deposited without 
breaking the vacuum. The degree of vacuum was 3 x 10* Torr (4x1 (H Pa) or less when the vapor deposition 
was carried out. 

When a voltage of 34 V was applied on the device, a current having a current density of 1 06 mA/cm 2 flowed 
and a blue EL light having a luminance of 960 cd/m 2 was observed. 

Example 15 

An EL device was made in the same way as in Example 14 except that tetraphenylcyclopentadiene was 
used in place of TPB. When a voltage of 40 V was applied on the device, a current having a current density 
of 60 mA/cm 2 flowed and a blue EL light having a luminance of 57 cd/m 2 was observed. 
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Claims 

1. An organic electroluminescence devic having a light emitting layer or a light emitting layer and a charge 
transport layer dispos d betwe n a pair of lect rod s, at least one f which is transparent or semitrans- 
parent, the light emitting layer comprising a conjugated polymer having a repeating unit of general formula 
(1): 

-As, - CH = CH- (1) 

where is an aromatic hydrocarbon group of 6 to 14 carbon atoms which is unsubstituted or substituted 
by one or two hydrocarbon or alkoxy groups of 1 to 22 carbon atoms, said polymer being obtainable by 
any one of the following methods: 

(A) heat treating at a temperature from 80 to less than 200°C a polymer intermediate having a repeating 

unit of general formula (4): 

-Ar, - CH - CH 2 - (4) 




Ri R 2 



where Ar^ is as defined above and in which and R 2 , which are same or different, are alkyi of 1 to 8 
carbon atoms and X~ is a counteranion, or the general formula (5): 



CH - CH,- 



(5) 



OR 3 



where Ar t is as defined above and R 3 is a hydrocarbon group of 1 to 12 carbon atoms; 

(B) condensation polymerisation in solution, and in the presence of an alkali, of a dihalogenide com- 
pound of the general formula (6): 

X 2 -CH 2 -Ar 1 -CH 2 -X 2 (6). 
where Ar 1 is as defined above and X 2 is halogen; 

(C) subjecting a dialdehyde compound of general formula: 

CHO-A^-CHO , 

where A^ is as defined above, and a phosphonium salt of a dihalogenide compound of general formula 
(6) as defined above to condensation polymerization by a Wittig reaction. 

2. An organic electroluminescence device according to claim 1 , wherein Ar^ is p-phenylene, 2,6-naphthale- 
nediyl, 9,10-anthracenediyl, mono alkyi-p-phenylene, mono C U2 2 alkoxy-p-phenylene, 2,5-di 
alkyl-p-phenylene or 2,5-di alkoxy-phenylene. 

3. An organic electroluminescence device according to claim 2 wherein Ar, is p-phenylene, 2,5-di alkyl- 
p-phenylene or 2,5-di alkoxy-p-phenylene. 

4. An organic electroluminescence device according to claim 3, wherein An is p-phenylene, 2,5-dimethoxy- 
p-phenylene, 2,5-diethoxy-p-phenylene, 2,5-dibutoxy-p-phenylene, 2,5-diheptyloxy-p-phenylene or 2,5- 
di lauryloxy-p-phenyiene. 

5. An organic electroluminescence device having a light emitting layer and a charge transport layer disposed 
b tween a pair of electrodes at least one of which is transparent or semi-transparent; the charge transport 
layer comprising a conducting polymer having a repeating unit of the g neral f rmula (2): 

-AT2-B- (2) 

where Ar 2 represents an aromatic hydrocarb n group of 6 to 14 carbon atoms, or a heterocyclic aromatic 
hydrocarbon group f4to6carb n atoms containing nitrog n, sulfur or oxygen, which aromatic gr up is 
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15 



unsubstituted or substituted by one or two hydrocarbon or alkoxy groups of 1 to 22 carbon atoms and B 
isa-CH = CH- r-NH- group. 

6. An organic electroluminescence device having a light emitting layer, a charge transport lay r and a con- 
5 ducting polymer buff r layer disposed between a pair of electrodes at least one of which is transparent 

or semi-transparent; the conducting polymer buffer layer being disposed between the charge transport 
layer and one of the electrodes and the conducting polymer having a repeating unit of the general formula 
(2): 

-Ar 2 - B - (2) 

10 where Ar 2 represents an aromatic hydrocarbon group of 6 to 14 carbon atoms, or a heterocyclic aromatic 

hydrocarbon group of 4 to 6 carbon atoms containing nitrogen, sulphur or oxygen, which aromatic group 
is unsubstituted or substituted by one or two hydrocarbon or alkoxy groups of 1 to 22 carbon atoms and 
B represents a -CH = CH-or-NH-group. 

7. An organic electroluminescence device according to claim 5 or 6, wherein Ar 2 is p-phenylene, mono 
C u22 alkyl-P-phenylene, mono C u2 2 alkoxy-p-phenylene, 2,5-di alkyl-p-phenylene, 2,5-di C U2 2 d- 
koxy-p-phenylene, 2,5-thienylene or 3-0^22 alkyl-2,5-thienylene, and B is -CH = CH-. 

8. An organic electroluminescence device according to claim 7, wherein Ar 2 is p-phenylene, 2,5-dimethoxy- 
p-phenylene, 2,5-diethoxy-p-phenylene, 2,5-dipropoxy-p-phenylene f 2,5-dibutoxy-p-phenyelene or 2,5- 
thienylene. 

9. An organic electroluminescence device according to claim 5 or 6, wherein the conducting polymer is poly- 
aniline. 

25 10. An organic electroluminescence device according to any claim 5 or 6, wherein said light emitting layer 
comprises a monomer which is tris(8-hydroxyquinoline) aluminium, tetraphenyl butadiene, tetraphenylcy- 
clopentadiene, perylene, 4-dicyanomethylene-6-(p-dimethylaminostyryl)-2-methyl-4H pyran and 1,3- 
diethyl-5[2-(3-ethyl-2-benzothiazolinilidene)ethylidene]-2-thiohydantoin. 

30 11. An organic electroluminescence device according to any one of claims 5 to 1 0, wherein the conducting 
polymer is obtainable by heat treating at a temperature from 200 to 400°C a polymer intermediate having 
a repeating unit of general formula (4): 



20 



35 



-Ar, - CH - CH 2 - (4) 

S + X- 



40 



45 



l\ 



Ri 



where Ar, is as defined in claim 1 and in which Rj and R 2 which are same or different, are alkyl of 1 to 8 
carbon atoms and X" is a counteranion, or the general formula (5): 



-Ar! CH - CH 2 - (5) 

50 | 

ORj 



wher Ar! is as defined in claim 1 and R 3 is a hydrocarbon group of 1 to 12 carb n atoms. 

55 

12. An organic electrolumin scence d vice according to any on of claims 5 t 10 wherein th conducting 
polymer is obtainable by cond nsation polymerisation in solution, and in th pres nc of an alkali, f a 
dihalogenide compound f the general formula (6): 
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X 2 -CH 2 -Ar,-CH 2 -X 2 (6), 
where Ar t is as defined in claim 1 and X 2 is halogen and then heat treating the resulting product at a tem- 
peratur of 200° to 400°C. 



Patentanspruche 

1. Organisch elektrolumineszente Vorrichtung mit einer lichtemittierenden Schicht Oder einer lichtemittie- 
renden Schicht und einer ladungstransportierenden Schicht zwischen einem Elektrodenpaar, von denen 
mindestens eine transparent oder semitransparent ist und wobei die lichtemittierende Schicht ein konju- 
giertes Polymer mit einer wiederkehrenden Einheit der allgemeinen Formel (1): 

-Ar r CH=CH- (1) 

umfaBt, wobei Ar, einen unsubstituierten oder mit einem oder zwei Kohlenwasserstoff-oder Alkoxyresten 
mit 1 bis 22 Kohlenstoffatomen substituierten aromatischen Kohlenwasserstoffrest mit 6 bis 14 Kohlen- 
stoffatomen bedeutet, wobei das Polymer durch eines der folgenden Verfahren erhalten werden kann: 

(A) durch Hitzebehandlung eines Polymerzwischenproduktes mit einer wiederkehrenden Einheit der 
allgemeinen Formel (4): 

-AH-CH-CH2- (4), 

A 

wobei Ar t wie vorangehend def iniert ist und die Reste und R 2 , die gleich oder verschieden sein k6n- 
nen, Alkylreste mit 1 bis 8 Kohlenstoffatomen bedeuten und X" ein Gegenion bedeutet, oder der allge- 
meinen Formel (5): 

-Ar,-CH-CH 2 - (5), 
OR 3 

wobei At, wie vorangehend def iniert ist und R3 einen Kohlenwasserstoffrest mit 1 bis 12 Kohlenstoff- 
atomen bedeutet, bei einer Temperatur von 80 bis wenigerals 200°C; 

(B) durch Kondensationspolymerisation einer Dihalogenverbindung der allgemeinen Formel (6): 

Xz-ChVAivCHz-X;, (6), 
wobei Ar n wie vorangehend def iniert ist und X 2 ein Halogenatom bedeutet, in Lfisung in Gegenwart einer 
Base; 

(C) durch Kondensationspolymerisation einer Dialdehydverbindung der allgemeinen Formel: 

CHO-A^-CHO, 

wobei Ar, wie vorangehend def iniert ist, und eines Phosphoniumsalzes einer Dihalogenverbindung der 
vorangehend definierten allgemeinen Formel (6) mittels einer Wittigreaktion. 

2. Organisch elektrolumineszente Vorrichtung nach Anspruch 1, wobei Ari einen p-Phenyten-, 2,6- 
Naphthalendiyl-, 9,10-Anthracendiyt-, Mono-C^^alkyl-p-phenylen-, Mono-C^^alkoxy-p-phenylen-, 
2,5-DhC 1 _ 2r alkyl-p-phenylen- oder 2,5-DhC^-alkoxy-phenylenrest bedeutet 

3. Organisch elektrolumineszente Vorrichtung nach Anspruch 2, wobei Ar t einen p-Phenylen-, 2,5-Di- 
C^alkyl-p-phenylen- oder ^S-Di-Ci^alkoxy-p-phenylenrest bedeutet 

4. Organisch elektrolumineszente Vorrichtung nach Anspruch 3, wobei Ari einen p-Ph nylen-, 2,5- 
Dimethoxy-p-phenylen-, 2,5-Diethoxy-p-phenyien-, 2,5-Dibutoxy-p-phenylen-, 2,5-Dih ptyl xy-p- 
phenyl n-od r2,5-Dilauryloxy-p-phenylenrest bed ut t 

5. Organisch I ktrolumineszente Vorrichtung mit ein r lichtemittierenden Schicht und einer ladungstrans- 
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portierenden Schicht zwischen einem Elektrodenpaar, von denen mindestens eine transparent Oder se- 
mitransparent ist und wobei die ladungstransportierend Schicht ein i itfahiges Potym r mit einer wie- 
derkehrenden Einheit d r ailg mein n Forme! (2): 

- Ar 2 - B - (2) 

umfa&t, wobei Ar 2 einen aromatischen Kohlenwasserstoff rest mit 6 bis 14 Kohlenstoffatomen od r einen 
Stickstoff-, Schwefel- oder Sauerstoffatome enthaltenden, heterocyclischen aromatischen Kohlenwas- 
serstoff rest mit 4 bis 6 Kohlenstoffatomen bedeutet, wobei der aromatische Rest unsubstituiert oder mit 
einem oder zwei Kohienwasserstoff- oder Aikoxyresten mit 1 bis 22 Kohlenstoffatomen substituiert ist und 
B eine -CH=CH- oder-NH-Gruppe bedeutet 

6. Organised elektrolumineszente Vorrichtung mit einer iichtemittierenden Schicht, einer ladungstranspor- 
tierenden Schicht und einer Pufferschicht aus einem leitfahigen Polymer zwischen einem Elektrodenpaar, 
von denen mindestens eine transparent oder semitransparent ist und wobei sich die Pufferschicht aus 
dem leitfahigen Polymer zwischen der ladungst ransportierenden Schicht und einer der Elekt roden bef in- 
det und das leitfdhige Polymer eine wiederkehrende Einheit der allgemeinen Formal (2): 

- Ar 2 - B - (2) 

besitzt. wobei Ar 2 einen aromatischen Kohlenwasserstoff rest mit 6 bis 14 Kohlenstoffatomen oder einen 
Stickstoff-, Schwefel- oder Sauerstoffatome enthaltenden, heterocyclischen aromatischen Kohlenwas- 
serstoff rest mit 4 bis 6 Kohlenstoffatomen bedeutet, wobei der aromatische Rest unsubstituiert oder mit 
einem oder zwei Kohlenwasserstoff- oder Aikoxyresten mit 1 bis 22 Kohlenstoffatomen substituiert ist und 
B eine -CH=CH- oder -NH-Gruppe bedeutet 

7. Organisch elektrolumineszente Vorrichtung nach Anspruch 5 oder 6, wobei Ar 2 einen p-Phenyten-, Mono- 
C-i^alkyl-p-phenylen-, Mono-C^^alkoxy-p-phenylen-, 2,5-Di-C^^aIkyl-p-phenylen-, 2,5-Di-Ci^al- 
koxy-p-phenylen-, 2,5-Thienylen- oder S-C^^AIkyl-^S-thienylenrest und B eine -CH=CH-Gruppe be- 
deutet 

8. Organisch elektrolumineszente Vorrichtung nach Anspruch 7, wobei Ar 2 einen p-Phenylen-, 2,5-Dimethoxy- 
p-phenylen-^.S-Diethoxy-p-phenylen-, 2,5-Dipropc*y-p-phenylen-, 2,5-Dibutoxy-p-phenylen- oder 2,5- 
Thienylenrest bedeutet. 

9. Organisch elektrolumineszente Vorrichtung nach Anspruch 5 oder 6, wobei das leitfahige Polymer Poly- 
anilin ist 

10. Organisch elektrolumineszente Vorrichtung nach Anspruch 5 oder 6, wobei die lichtemittierende Schicht 
eines der Monomeren Tris(8-hydroxychinoIin)aluminium, Tetraphenylbutadien, Tetra phenyl cyclopenta- 
dien, Perylen, 4-Dicyanomethylen-6-(p-di-methylaminostyryi)-2-methyl-4H-pyranund 1 ,3-Diethyl-5[2-(3- 
ethyk2-benzothiazolinili-den)ethyliden]-2-thiohydantoin umfa&t. 

11. Organisch elektrolumineszente Vorrichtung nach einem der Anspruche 5 bis 1 0, wobei das le'ittShige Po- 
lymer durch Hitzebehandlung eines Polymerzwischenproduktes mit einer wiederkehrenden Einheit der 
allgemeinen Formel (4): 

-Ar,-CH-CH 2 - (4), 

S + x- 
/\ 

wobei Ar, wie in Anspruch 1 def iniert ist und die Reste R, und R 2 , die gleich oder verschieden sein konnen, 
Alkylreste mit 1 bis 8 Kohlenstoffatomen bedeuten und X" ein Gegenion bedeutet; oder der allgemeinen 
Formel (5): 
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-An-CH-CH2- (5), 

OR 3 

wobei AT! wie in Anspruch 1 definiert 1st und R3 einen Kohlenwasserstoffrest mit 1 bis 12 Kohlenstoffato- 
men bedeutet, bei einerTemperatur von 200 bis 400°C erhalten werden kann. 

1 2. Organisch elektrolumineszente Vorrichtung nach einem der Anspruche 5 bis 1 0, wobei das leitfahige Po- 
lymer durch Kondensationspolymerisation einer Dihalogenverbindung der allgemeinen Formel (6): 

Xz-CHj-Ar^CHz-Xj (6), 
wobei Ar 1 wie in Anspruch 1 definiert ist und X 2 ein Halogenatom bedeutet, in Losung in Gegenwart einer 
Base und anschlie&ende Hitzebehandlung des erhaltenen Produktes bei einerTemperatur von 200 bis 
400°C erhalten werden kann. 



Revendfcatlons 

2Q 1. Dispositif electroluminescent organique, comportant une couche 6mettrice de Iumi6re ou une couche 
emettrice de lumifere et une couche de transport de charge dispos6es entre une paire d'eiectrodes dont 
Tune au moins est transparente ou semi-transparente, la couche emettrice de lumtere etant faite d'un po- 
lymfere conjugu6 qui comporte un motif r6petitif de formule generate (1) 

-Ar n - CH = CH- (1) 

25 dans laquelle Ar 1 est un groupement hydrocarbon6 aromatique k 6-14 atomes de carbone qui est non 

substitu6 ou substitu6 par un ou deux groupements hydrocarbon6s ou alcoxy k 1 -22 atomes de carbone, 
ledit polym6re pouvant 6tre obtenu par Tun quelconque des proc6d6s suivants: 

(A) traitement thermique, k une temperature de 80 k moins de 200°C f d'un produit intermediate poly- 
mere qui comporte un motif r6p6titif de formule g6n6rale (4) 

30 

-An - CH - CH*- (4> 

x- 

Ri Rsr 

35 

dans laquelle A^ a la mdme signification que pr6c6demment et dans laquelle et R 2f qui sont iden- 
tiques ou diff6rents, sont des restes alkyle k 1-8 atomes de carbone et X" est un contre-anion, ou de 
formule g£n£rale (5) 

-An - CH - CH*- <5) 
ORa 

dans laquelle A^ a la mfime signification que pr6c6demment et R 3 est un groupement hydrocarbon6 
k 1-12 atomes de carbone; 

(B) polymerisation par condensation en solution, et en presence d'une substance alcaline, d'un diha- 
log6nure de formule g6n6rale (6) 

Xz-CHz-ATi-CHz-Xz (6) 
50 dans laquelle Ari a la mSme signification que pr6c6demment et X 2 est un atome d'halogfcne; 

(C) polymerisation par condensation, par une reaction de Wittig, d'un diald6hyde de formule g6n6rale 

CHO-A^-CHO 

dans laquelle Ar<t a la mfime signification que pr6c6demment, et d'un sel de phosphonium d'un diha- 
log6nur r6pondant k la f rmul g6nerale (6) d nn6e ci-d ssus. 



40 



45 



55 



Dispositif £1 ctroluminescent organique s Ion la rev ndication 1, dans lequel Ar t est un groupement p- 
ph6nyiene, 2,6-naphtal6nediyle, 9,10-anthracenediyle, mono(alkyl n CrCzz^p-phenytene, mono(alcoxy 
en d-CzzJ-p-phenyien , 2,5-di(alky1 en d-CzJ-p-phenyien ou 2 f 5-di(aIcoxy en C r Czz>-p-ph§nyien . 
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3. Disp sitif Electroluminescent organique selon la revendication 2, dans iequel A^ est un groupement p- 
phenyiene, 2,5-di(alkyl en C 1 -C 22 )-P"Phenylene ou 2,5-di(alcoxy n Cj-C^-p-phenylene. 

4. Dispositif electroluminesc nt organique selon la revendication 3, dans Iequel An est un groupement p- 
phenylene, 2,5-dimethoxy-p-phenylen , 2,5-diEthoxy-p-phEnylEne, 2,5-dibutoxy-p-phenylene, 2,5-di- 
heptyloxy-p-phEnylEne ou 2,5-dilauryloxy-p-phEnylEne. 

5. Dispositif Electroluminescent organique, comportant une couche Emettrice de lumiere et une couche de 
transport de charge disposees entre une paire d'Electrodes dont Tune au moins est trans parente ou semi- 
transparente, la couche de transport de charge etant faite d'un polymEre conducteur comportant un motif 
rEpEtitif de fbrmule generale (2) 

-Ar 2 - B- (2) 

dans laquelle Ar 2 represente un groupement hydrocarbon^ aromatique E 6-14 atomes de carbone ou un 
groupement hydrocarbons aromatique heterocyclique £ 4-6 atomes de carbone contenant de I'azote, du 
soufre ou de Toxygene, Iequel groupement aromatique est non substitue ou substitue par un ou deux 
groupements hydrocarbones ou alcoxy £ 1-22 atomes de carbone, et B est un groupement -CH=CH- ou 
-NH-. 

6. Dispositif electroluminescent organique, comportant une couche emettrice de lumiere, une couche de 
transport de charge et une couche tampon de polymere conducteur disposees entre une paire d'electro- 
des dont Tune au moins est transparente ou semi-transparente, la couche tampon de polymere conduc- 
teur Etant disposee entre la couche de transport de charge et Tune des electrodes et le polymere conduc- 
teur comportant un motif rEpEtitif de formule generale (2) 

-Ar 2 -B- (2) 

dans laquelle Ar 2 represente un groupement hydrocarbone aromatique & 6-14 atomes de carbone ou un 
groupement hydrocarbone aromatique heterocyclique £ 4-6 atomes de carbone contenant de I'azote, du 
soufre ou de Toxygene, Iequel groupement aromatique est non substitue ou substitue par un ou deux 
groupements hydrocarbones ou alcoxy & 1-22 atomes de carbone, et B represente un groupement 
-CH=CH- ou -NH-. 

7. Dispositif Electroluminescent organique selon la revendication 5 ou 6, dans Iequel Ar 2 est un groupement 
p-phEnylEne, mono(alkyl en CrC^-p-phenylene, mono(alcoxy en (VC^-p-phenylene, 2,5-di(alkyl en 
Ci-C^p-phenylene, 2,5-di(alcoxy en CrC^-p-phenylene, 2,5-thienylene ou 3-(alkyi en CrC^-2,5- 
thienylene, et B est un groupement -CH=CH-. 

8. Dispositif Electroluminescent organique selon la revendication 7, dans Iequel Ar 2 est un groupement p- 
phEnylEne, 2,5-dimEthoxy-p-phEnylEne, 2,5-diEthoxy-p-phEnylEne, 2,5-dipropoxy-p-phEnylEne, 2,5-di- 
butoxy-p-phEnylEne ou 2,5-thiEnylEne. 

9. Dispositif Electroluminescent organique selon la revendication 5 ou 6, dans Iequel le polymEre conducteur 
est une poiyaniline. 

1 0. Dispositif Electroluminescent organique selon la revendication 5 ou 6, dans Iequel ladite couche Emettrice 
de lumiEre comprend un monomere qui est le tris(8-hydroxyquinolEine)aluminium, le tEtraphEnyl butadie- 
ne, le tEtraphEnylcyclopentadiene, le pErylEne, le4-dicyanomEthylEne-8-(p-dimEthylaminostyryl)-2-mE- 
thyl-4H-pyranne ou la 1,3-diEthyl-5-(2-(3-Ethy!-2-benzothiazolinilidEne)Ethylid6ne]-2-thiohydantoTne. 

11. Dispositif Electroluminescent organique selon Tune quelconque des revendications 5 & 10, dans Iequel 
le polymEre conducteur peut Etre obtenu par traitement thermique, £ une tempErature de 200 £ 400°C, 
d'un produit intermEdiaire polymEre qui comporte un motif rEpEtitif de formule gEnErale (4) 



-Ar, - CH - CH*- 



<4> 



Ri 



N 



R* 



dans laquelle A^ a la mfime signification que dans la revendication 1 et dans laquell R t et R 2 , qui sont 
identiques ou diffErents, sont des restes alkyle E 1-8 atom s de carbone et X~ est un contre-anion, ou 
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de formula g6n£rale (5) 

-An - CH - CHa- C5) 
□Ra 

5 

dans laquelle Ar, a la m§me signification que dans la revendication 1 et R 3 est un groupement hydrocar- 
bon6 d 1-12 atomes de carbone. 

10 12. Dispositif Electroluminescent organique selon I'une quelconque des revendications 5 & 10, dans lequel 
le polym^re conducteur peut etre obtenu par polymerisation par condensation, en solution et en presence 
d'une substance alcaline, d'un dihalog6nure de formule g6n6rale (6) 

X 2 - CH 2 - Ar-i - CH 2 - X 2 (6) 
dans laquelle a la mfime signification que dans ia revendication 1 et X 2 est un atome d'halog&ne, puis 

15 par traiternent thermique du produit resultant & une temperature de 200 & 400°C. 
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